Introduction
============

The main aim of periodontal surgery is to achieve a good function of the periodontium and an aesthetically satisfying gingiva. Over the past few years surgical techniques have improved and some new techniques for achieving better results have been described. These techniques are based on the transplantation of free tissue grafts[@b1-ccide-1-013]--[@b4-ccide-1-013] or the application of membranes,[@b5-ccide-1-013]--[@b10-ccide-1-013] the transposition of periodontal flaps,[@b11-ccide-1-013]--[@b19-ccide-1-013] or a combination of both techniques.[@b20-ccide-1-013]--[@b23-ccide-1-013] The rate of success has increased continuously and individualized techniques for achieving the best results in different kinds of recessions have been presented. The morphology of the recession dictates the best technique for root coverage which in turn leads to the best clinical results. The aim is to achieve long-term coverage of the root surface with attached gingiva of normal height and in the correct position. The gingival margin as well as the color and texture of tissue should resemble that of the healthy neighbouring teeth. In other words, the scars of the surgery should not be visible.

To gain an objective assessment of the clinical results, the percentage of root coverage should be ascertained.[@b21-ccide-1-013],[@b24-ccide-1-013]--[@b29-ccide-1-013] Clinical success depends on the extent of biological regeneration.[@b30-ccide-1-013]--[@b32-ccide-1-013] Complete biological regeneration is only seen in the apical and lateral part of the former recession in this case, while a long epithelial attachment is seen in the other parts of the root when conventional surgical techniques are used.[@b30-ccide-1-013],[@b33-ccide-1-013]

This biological examination requires histological specimens that should only be taken during second-look surgery so as to avoid further periodontal damage in a patient who is likely to have a good result. An important parameter for judging the success of a new surgical technique is good clinical results.

Therefore, it can be stated that the best clinical results for covering extended denuded root surfaces are achieved by surgical techniques using a free soft tissue graft but this results in donor-site morbidity.[@b33-ccide-1-013]

To avoid donor site-related problems on the one hand and to exploit the advantages of a connective tissue graft on the other, a new surgical technique for root coverage has been developed over the last few years. The technique is based on transposition of the local periosteum in combination with a mucoperiosteum transpositional flap.

Herein, the new periosteum eversion technique used in this study is described and a report on the first clinical trial is presented.

Patients and methods
====================

Periodontal recessions of the upper or lower front teeth were to be covered surgically in 30 patients. The mean age of patients was 29 years (17--52 years). The periodontal defects were all located at the upper or lower canines in six and four patients and the upper or lower incisors in eight and 12 patients, respectively. Miller class I defects were registered in 10 patients, Miller class II defects in seven patients, and Miller class III defects in 13 patients.[@b34-ccide-1-013] A periodontal probe (PCP12) was used by one examiner.

The depth of recession was between 4 and 8 mm. An intensive oral hygiene program was carried out in the first stage of treatment to reduce preoperative plaque contamination to less than 30% all over the dentition which is a precondition for surgery.[@b35-ccide-1-013]

Three months after achieving an approximal plaque index value of less than 30%, the preoperative findings of the periodontal area and the teeth which were to be treated surgically were recorded. Periodontal bleeding after mild probing, attachment loss, and the height of the attached gingiva were recorded. The loss of periodontal attachment was identified at three different locations for each root, namely mesially, centrally, and distally at the labial root surface ([Figure 1](#f1-ccide-1-013){ref-type="fig"}) and the highest value of attachment loss was noted. The width of the keratinized gingiva was measured at the same positions as the attachment loss after retracting the lip manually and the lowest value was recorded. Then the root surface was examined for visible plaque contamination which would preclude surgery.

No plaque contamination was seen before surgery, whereas some gingival bleeding was seen preoperatively in nine patients. The new technique of periosteoplasty was then used for every patient ([Figures 2a, 2b, 2c, 2d, 2e](#f2-ccide-1-013){ref-type="fig"}).

Surgery was performed under local anesthetic. After marginal incision and lateral vertical incision, a mucoperiosteum flap was deflected. The root surface was cleaned mechanically by scaling and disinfected with chlorhexidine solution (Chlorhexamed^®^ 0.06%, Blend-a-dent; Proctor & Gamble, Schwalbach, Germany). The root surface was then conditioned with 40% acetic acid solution for 20 s and washed with physiologic saline solution for 60 s ([Figure 3](#f3-ccide-1-013){ref-type="fig"}).

Then the everted periosteum flap was prepared. The periosteum was incised at the baseline and in the lateral part and was separated from the submucous connective tissue up to the border of the attached gingiva ([Figure 4](#f4-ccide-1-013){ref-type="fig"}). The crestally pedicled periosteum was everted and transposed coronally where it was fixed with interdental resorbable stitches ([Figure 5](#f5-ccide-1-013){ref-type="fig"}). A coronal transposition of the mucoperiosteum was then performed and the mucoperiosteum flap was also fixed with interdental resorbable stitches ([Figure 6](#f6-ccide-1-013){ref-type="fig"}). Chlorhexidine solution was used twice a day for six weeks after surgery for plaque decontamination.

Clinical follow-up was performed once a week in the first postoperative month, every two weeks in the second postoperative month and once a month thereafter. The clinical examination was repeated 3, 6, and 12 months after surgery, and the results were compared to the preoperative values. In other words, gingival bleeding, attachment loss, and the height of the attached gingiva were examined and compared to the preoperative findings. By comparing the attachment loss mesially, centrally, and distally before and after the operation, the percentage of root surface coverage was calculated for each position. The mean percentage of these three values was stated to be the percentage of the whole root coverage.

Results
=======

Postoperative healing was free of complications in all the patients. Epithelialization of the everted periosteum used for root coverage was seen 14 days after surgery ([Figures 7a, 7b](#f7-ccide-1-013){ref-type="fig"}). An improvement in the clinical situation was seen in all the patients ([Figure 7c](#f7-ccide-1-013){ref-type="fig"}).

There was no bleeding on periodontal probing at 3, 6, and 12 months postoperatively. The mean periodontal probing depth was 1.2 mm preoperatively and 0.4 mm at three and six months postoperatively. Twelve months after surgery, the mean probing depth was 0.3 mm (0.1 SD).

The mean attachment loss preoperatively was 5.8 mm (0.2 SD). After three months no attachment loss was registered, while mean values of 0.3 mm (0.1 SD) were seen at six and 12 months after surgery. There was no attached gingiva in the region of the teeth recession preoperatively. The mean height of attached gingiva was 2.3 mm (0.2 SD) three months after surgery and 2.2 mm (0.1 SD) on average at six and 12 months postoperatively. In comparison to the neighbouring teeth, the height of attached gingiva was 0.3 mm less on average for the surgically treated teeth. The results of the clinical examinations are given in [Table 1](#t1-ccide-1-013){ref-type="table"}.

The percentage of root coverage was 100% at three months postoperatively and therefore complete. A mean value of 94.8% root coverage was calculated six and 12 months after surgery, which shows a relapse in recession of 5.2%.

Discussion
==========

The main aim of periodontal surgery is to achieve complete restitution of all periodontal tissue resulting in healthy and aesthetically satisfying periodontal conditions. Covering denuded root surfaces is one of the important goals of surgical periodontal treatment and the best results can be achieved by choosing the most appropriate technique. While small and flat recessions on single teeth can be treated successfully by using surgical flap techniques alone, in the case of large and deep defects with no attached gingiva, the use of free gingiva or connective tissue grafts or membranes becomes more important for achieving the best possible results.[@b36-ccide-1-013] The main advantage of techniques using guided tissue regeneration with membranes (GTR) over techniques using tissue grafts is avoidance of donor site problems. These GTR techniques are used most successfully in periodontal recessions of between 4.5 and 5.5 mm if keratinized gingiva is still present.[@b5-ccide-1-013]--[@b10-ccide-1-013]

Using these techniques, the percentage of root surface coverage is between 60% and 84% in a follow-up period of six to 18 months. Medium- and long-term recessions of between 0.75 and 1.7 mm have been ascertained in the literature. The main problem arises if there is wound dehiscence followed by bacterial contamination of the membrane. The defect has to be covered after membrane removal by flap surgery,[@b36-ccide-1-013] which is not successful in every case. Furthermore, GTR techniques are not so successful if there is little or no attached gingiva. In this case, new keratinized gingiva has to be created and other surgical techniques using connective tissue or free gingiva grafts have to be used which bring about a good regeneration of attached gingiva.[@b37-ccide-1-013],[@b38-ccide-1-013] When using free connective tissue grafts, residual recessions of between 0.1 mm and 1.27 mm can be achieved and the percentage of root coverage is between 70% and 97%.[@b39-ccide-1-013]--[@b47-ccide-1-013] The results vary considerably depending on the surgical techniques used for transplant coverage or preparation and vascularization of the transplant bed. The better the vascularization of the transplant bed, the higher the resulting percentage of keratinized gingiva.[@b38-ccide-1-013] Furthermore it can be assumed that there is a lower extent of root surface coverage when recessions of more than 5 mm in depth have to be treated.[@b38-ccide-1-013] In these cases, root coverage of between 70% and 92% is reported.[@b40-ccide-1-013],[@b44-ccide-1-013] When comparing combined techniques of graft transplantation and flap surgery, transpositional flaps have better results than the envelope technique.[@b40-ccide-1-013],[@b44-ccide-1-013]

In this study, periodontal recessions of more than 5 mm were also treated by the new periosteum eversion technique. It was first reported in 2001, and was originally used to cover onlay grafts in augmentative alveolar ridge surgery[@b48-ccide-1-013] and adapted for use in periodontal surgery in this study. The technique is based on using the local periosteum as a vascularized transplant for defect coverage. In comparison to other techniques of periosteum transposition, the periosteum is separated from the mucoperiosteum flap after baseline incision, so that the basal part of the periosteum is used for defect coverage after eversion. The periosteum remains pedicled in the crestal part and can be elongated and coronally transposed without retraction forces. The vascularized periosteum can be used for defect coverage in a similar way to a connective tissue graft and can be epithelialized by the neighbouring mucosa as a vital and well vascularized tissue, although it may not be covered by a mucoperiosteum flap. The principle of tissue regeneration in this new technique is therefore similar to the conventional technique of using connective tissue grafts in combination with a transpositional flap. Therefore the results of periosteum eversion technique should be compared with the results of the conventional technique as described in the literature. In this study the periosteum eversion technique resulted in a rate of defect coverage of 94.8% and a mean residual denuded root surface of 5.2% one-year postoperatively. This result is very similar to the results of defect coverage in recessions of between 4 and 6 mm using a combination of connective tissue grafts and a mucoperiosteum flap and surpasses the results of the envelope technique in this kind of defect.[@b40-ccide-1-013],[@b44-ccide-1-013] Furthermore the periosteum eversion technique and the combined connective tissue graft and flap technique both show better long-term results for root coverage than GTR techniques for these special defects. When using membrane techniques, the extent of root coverage is between 72.7% and 82%.[@b49-ccide-1-013],[@b50-ccide-1-013]

An improvement in attached gingiva is similar for both the periosteum eversion technique and the combined connective tissue graft and flap technique.[@b50-ccide-1-013] The main advantage of the periosteum eversion technique in comparison to all other techniques using free grafts is that there is no donor-site morbidity.[@b33-ccide-1-013] Although connective tissue grafts are only associated with minor donor site problems, they may only be harvested to a limited extent,[@b51-ccide-1-013] whereas periosteum exists in every location of the alveolar ridge and can also be used for covering multiple recessions in the same patient. Furthermore there is only a low risk of transplant necrosis in well vascularized tissue.[@b4-ccide-1-013] Although the incidence of necrosis is low in free connective tissue grafts, the well vascularized periosteum flap has the possibility to react to bacterial contamination like any other vital tissue and the danger of necrosis and infection in this kind of flap is low. The risk of necrosis and infection is at the lowest if a vascularized graft is used and therefore there is a low risk for graft removal with the associated difficulties of second-flap surgery for defect coverage.[@b52-ccide-1-013]--[@b55-ccide-1-013]

It can be concluded that the periosteum eversion technique is highly suitable for covering extended denuded roots caused by recession. The technique is similar to a combined therapy of connective tissue graft and flap transposition. Its main advantage is that the periosteum remains vascularized and there are no donor site problems.

The biological mechanisms of tissue regeneration caused by this technique need to be examined in subsequent studies.
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![Loss of peridontal attachment at the root.](ccide-1-013f1){#f1-ccide-1-013}

![Steps in the new technique of periosteoplasty. a) originally recession; b) mucoperiosteum flap; c) basal incision with everted periosteum; d) placed periosteum; e) coronal transpostion of the mucoperiosteum with intedental stitches.](ccide-1-013f2){#f2-ccide-1-013}

![Root surface after washing with physiologic saline solution for 60 s.](ccide-1-013f3){#f3-ccide-1-013}

![Periosteum incised at baseline and separated from the submucous connective tissue up to the attached gingiva.](ccide-1-013f4){#f4-ccide-1-013}

![Periosteum after fixing with interdental resorbable stitches.](ccide-1-013f5){#f5-ccide-1-013}

![Mucoperiosteum flap after fixing with interdental resorbable stitches.](ccide-1-013f6){#f6-ccide-1-013}

![Epithelialization of the root coverage. **A** & **B**, 14 days after surgery. **C**, after improvement in clinical situation.](ccide-1-013f7){#f7-ccide-1-013}

###### 

Clinical data/parameters

  Parameters                                    Preoperatively   3 months postop.   6 months postop.   12 months postop.
  --------------------------------------------- ---------------- ------------------ ------------------ -------------------
  Plaque accumulation \[pos./neg.\]             0/30             0/30               0/30               0/30
  Sulcus bleeding \[pos./neg.\]                 14/16            0/30               0/30               0/30
  Probing depths (mean) \[mm\]                  3.2 ± 0.3        0.4 ± 0.1          0.3 ± 0.1          0.3 ± 0.1
  Attachment loss (mean) \[mm\]                 5.8 ± 0.2        0 ± 0.0            0.3 ± 0.1          0.3 ± 0.1
  Height of ceratinized gingiva (mean) \[mm\]   0 ± 0.0          2.3 ± 0.2          2.3 ± 0.1          2.2 ± 0.1
